Abstract-In view of the control problem of Permanent magnet linear synchronous motor (PMLSM), applying port-controlled Hamiltonian (PCH) systems and passivity -based control theory, the modeling of Permanent Magnet Linear Synchronous Motor is presented. Using energy-shaping and passivity-based control (PBC) method, the control principle of PMLSM is given. The control laws are presented in load known conditions. The equilibrium stability is analyzed and the feedback controller is designed for the control system of PMLSM. A simulation model has been established in the Simulink/Matlab environment and the simulation results are given. In order to compare the control effect, traditional PID control simulation results are also provided in the same conditions. The simulation results show that the proposed scheme has a better performance than that of conventional PID controller.
I. INTRODUCTION
Permanent magnet linear synchronous motor (PMLSM) is a new technology which has new principle and new theory appeared in electrical engineering in 20th century. Because of the its superior performance and great application value, the researchers and industrial motion control manufacturers show great interested in it at home and abroad [1] [2] .
Because of direct access to linear motion for PMLSM, it eliminates the intermediate transmission mechanism of elastic deformation, gap, friction and other factors. But at the same time the system parameter perturbation, load disturbances, end effect, cogging, friction and other uncertain factors directly acts on the permanent magnet linear synchronous motor without attenuation, which increases the difficulty of control. For high-precision tools and other applications such as CNC machine, the conflict between high performance control requirements and control algorithm complexity is prominent. So the higher requirements of servo system control technology driven by the permanent magnet linear synchronous motor has put forward. At present, in order to solve the difficulties of servo system driven by permanent magnet linear synchronous motor, the research train of thought mainly includes the following:
(1) The traditional control technology. Based on this train of thought, appearing the traditional control technology such as PID control [3~4], decoupling control [5] , feedback control [6] . However, traditional control technology requirements the identified object mode, which is linear and not change, the operating conditions and the operating environment is uncertain. Therefore, it's often combined with other control method in the high precision control system.
(2) The modern control technology. Modern control technology has been attracted much attention in linear servo motor control research. They are more widely used in permanent magnet linear synchronous motor control research. The conventional control methods are: adaptive control [8~15], sliding mode variable structure control, robust control [16] [17] [18] [19] [20] [21] [22] [23] , quantitative feedback theory [24] , auto-disturbances-rejection [25] , model reference inverse methods control [26] and so on. For modern control theory, such as robust control, energy of input signal must be finite, while the actual system does not meet the hypothesis request. The contradiction between control robust stability and robust performance still need further research. Sliding mode variable structure buffeting problem has not been solved very well, which reduce the modern control effectiveness in servo system.
(3) Intelligent control. In recent years, intelligent control method such as fuzzy logic control, neural network control is also introduced to control permanent magnet linear motor servo system [13] [27] . But the single fuzzy control needs more control rules and plenty of experience, which makes the precision low, there is not a uniform design method for control system to determine the input number, network layer, threshold selection in the neural network intelligent control system and complex algorithm is not easy to realize, Now, the intelligent control learn from each other with the existing mature control method, some new control methods such as the neural network PID [28] , fuzzy logic PID [29 ] and fuzzy sliding mode variable structure [30 ~ 33] have appeared , these methods can be part of the realization of nonlinear control and Identification of PMLSM. It can be seen from above that the control strategy used in permanent magnet linear synchronous motor servo system has its specific or starting point, each one has his good points. At the same time, there are also different limitations or insufficient, and some control methods have greater compatibility and complementarity. Therefore, in order to realize the permanent magnet linear synchronous motor servo system, especially the sectional permanent magnet linear synchronous motor servo control system, new control strategy must be found according to the system characteristics.
In recent years, the energy-shaping methods get attention [34] [35] for nonlinear control system. It's main characteristic is that the system has a port-controlled Hamiltonian (port-controlled Hamilton, PCH) structure. It is simpler for controller design and stability analysis according to the peculiar feedback stabilization method. Professor Yu Hai-Sheng has done a lot of work for permanent magnet motor by the method [36] [37] .
The PMLSM with high order, strong coupling nonlinear characteristics causes that, under reasonable hypothesis, it can be considered as a two-port energy conversion device. Therefore, the PCH system model of the PMLSM is necessary by energy-shaping methods and passive control, and the control of PMLSM is realistic significance. It will be a new way for permanent magnet linear driver in the industrial application of AC servo system.
II. DRIVE SYSTEM WITH POWER CONVERTER OF PMLSM
The driving system schematic diagram of PMLSM with power converter shows as Fig. 1 . Power converter is composed of a three-phase bridge AC-DC rectifier and a three-phase DC-AC voltage type inverter. The input is a three-phase AC voltage. The output is three-phase PWM voltage. It connects to the three-phase stator winding of PMLSM, which is three-phase star-type connection. In practical application, using the series capacitors to reduce the weakness of large volume high price of single capacitor and using the parallel connection resistors to ensure the capacitor voltage symmetry. The high-power resistances are often connected in series in order to reduce the drift which caused by heating and other factors.
AC filter capacitor C is 0.47
thermistor is as one of protection circuits. From the diagram can be drawn [37] :
(
where
) is the duty ratio. dc U is DC bus voltage.
III. BASIC FORMS OF PORT-CONTROLLED HAMILTONIAN (PCH) SYSTEM
Port-Controlled Hamiltonian (PCH) system[38] is described as below:
Introduce the energy dissipation concept into the PCH system [39] [41] and the PCH dissipative models:
Where
, which denotes the accessory resistance structure of port; ) (x J is anti-half symmetric matrices, and
, which denotes the internal system interconnection structure [35] [36] .
IV. PCH SYSTEM MODEL OF NON-SALIENT POLE OF PMLSM
According to the characteristics of Non-salient pole of PMLSM, frequency of 50Hz is considered only,
and voltage is given in the d-q coordinates, the model of non-salient pole of PMLSM can be expressed as [26] [40] :
m --rotor quality; L --Armature inductance;
τ --polar pitch; r ψ --permanent magnet working flux;
v --motion velocity of rotor;
Definition is given as follows:
Take the sum of electrical energy and mechanical energy as Hamiltonian function of PMLSM.
Then the system PCH form of PMLSM can be written as follow: 
In order to make system asymptotically stable equilibrium near expectations 0
x , A closed-loop expectations energy function ) (x H d will be constructed. The energy function will be take minimum values near 0 x . That is, the feedback control ) (x u α = will be found in order to make the closed-loop system as fellow:
--interconnected and damping matrix.
--damping matrix. In addition:
The expected stabilization balance point 0
and
That is:
Then the closed-loop system (15) is a dissipation PCH systems and the point 0 x is a stable balance for the closed-loop system.
) (x H a is undetermined function which means the system energy injected by means of control.
If maximum invariant set equals { 0 x }, which is included in the closed-loop system
The system is asymptotically stable. Attract domain estimation is given by maximum limited level set.
V. DESIGN AND STABILITY ANALYSIS OF SYSTEM

CONTROLLER
The control essence of PMLSM is to make the error in the permitted range between its actual speed and hope speed. This paper takes a PMLSM as example. 
Take the expected Hamiltonian function:
. (28) When (29) is true. 
(27) and (28) are met. So the closed-loop system designed is stable at the balance point.
Take the following expression: Substitute (28) into (18), there is:
The expression of u can be obtained from (13):
Substitute (16) and (30) into (32), (34) can be deduced with (25) .
Because of: 
Since the equation solution is not only one, we can take the following expression. (39)
K --Arbitrary parameters. K does not affect the stability of system. So the controller will be the follow:
(40)
VI. SIMULATION RESULTS AND ANALYSIS
The duty ratio can be got through the d-q coordinate transformation: So needed voltage can be calculated according to the formula (41), to control each IGBT turn-on or turn-off. The study of simulation is done in Matlab7.0/Simulink environment. The system includes controller model, inverter model and PMLSM simulation model which adopt package form respectively. System steady/dynamic performance simulation can be achieved by modifying the parameters.
The motor rated power is set to 0.75kW. Rated voltage is 220V. Inverter frequency is 30Hz. K = 16. Stator resistance is 3.27 Ω . The d-q axis inductance is 0.0072 H respectively. Carrier frequency is 12kHz. Friction is equivalent to the load resistance.
In Fig.2 , the starting speed simulation curve is given with r1= r2=1.3. We can see that the maximum speed overshoot is in 3.5% and response time is in 0.1 seconds. The speed response curve of conventional PID controller is given with the same conditions in Fig.3 . The maximum speed overshoot is over 30% and response time is in 0.35 seconds. The load disturbance of 60N is added at 2.5 seconds in Fig. 4 . The curve is the results of conventional PID controller with the same load disturbance in Fig. 5 . The speed disturbance of 0.5 m/s is added at 2 seconds in Fig.6 . The results of a conventional PID controller is also given as shown the under curve with the same conditions in Fig.7 . We can see that the resist disturbance of PID controller is poor than that which based on passivity.
Obviously, the controller of PMLSM based on passivity has good control characteristics which can significantly inhibit system parameter variations and external disturbances. The system has stronger robustness and practicability. The control system of PMLSM was studied in the assumed load constant known cases; however, the fact is that the load of PMLSM is changed in most cases. How to design the control system under load changes is a part of further research content, and in this design, it is lack of science to assume the friction and all other perturbations as a constant load. How to classify the perturbation and how to design a precision control system? There is a lot of work to do. Now variable "load condition control research" is being carried out.
VII. CONCLUSION
The modeling of permanent magnet linear synchronous motor is presented in this paper by using energy-shaping and passivity-based control method. And the control principle of PMLSM is given. The control laws are presented in load known conditions. The equilibrium stability is analyzed and the feedback controller is designed for the control system of PMLSM. A simulation model has been established in the Simulink/Matlab environment and the simulation results are given. In order to compare the control effect, traditional PID control simulation results are also provided in the same conditions. The simulation results show that the proposed scheme has a better performance than that of conventional PID controller.
